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Abstract 

Following Rosner [hep-ph /OS 1 2269| , we consider S-decay production chan- 
nels for the exotic 7 = and 1 = 3/2 pentaquarks that have been recently 
reported. We also discuss new search channels for isovector pentaquarks, such as 
the Q*~^^{sduuu), that are generically present in chiral soliton models but were 
not observed in recent experiments. Futhermore, we argue that weak decays of 
charmed baryons, such as the and provide another clean way of detecting 
exotic baryons made of light quarks only. We also discuss discovery channels 
for charmed pentaquarks, such as the isosinglet Q^{cudud), in weak decays of 
bottom mesons and baryons. Finally, we discuss prospects for inclusive produc- 
tion of pentaquarks in e^e^ collisions, with associated production of particles 
carrying the opposite baryon number. 
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1 Introduction 



Recently a great deal of experimental and theoretical activity has been dedicated to 
exotic pentaquark baryons. This activity was sparked by observations of a narrow 
5" = 1 baryon resonance with a mass of 1540 MeV [Ill2lEllllElinilZllH]- At present 
the spin, parity and magnetic moment of this state have not been determined; some 
groups, e.g. the SAPHIR collaboration [4 , find that the isospin of the B"*" is zero. Such 
a state appears naturally in the rigid rotator approach to the 3-flavor Skyrme model 
O Uni HH 1121^ or in di quark models [211 1221 122] ■ Both of these approaches produce 
exotic baryons in the 10 of SU{3), with positive parity. In the diquark model the 
10 mixes strongly with another exotic multiplet, 8 [221123; in the chiral soliton model 
there is also an 8 of excited baryons coming from the breathing modes of the Skyrmion, 
and there is also some mixing between the 10 and the 8 |21]. Therefore, the SU{3) 
rigid rotator Skyrme model and the diquark models give low-lying pentaquark spectra 
that are rather similar, although they may be different quantitatively. In particular, 
both approaches predict the existence of an / = 3/2 multiplet of exotics, which are the 
lowest strangeness {S = —2) members of the antidecuplet. 

Quite recently, an experimental boost to these ideas came from the NA49 col- 
laboration which reported observation of a manifestly exotic member of this quartet, 
E^^{ssddu) |2S|. For analysis of the theoretical situation in light of this new result, see 
|26| 1^ . In spite of the report from NA49, more experimental and theoretical work is 
clearly needed. The experiments carried out so far are rather difficult, and care needs 
to be exercised in interpreting the data (see, for instance, |2I| and j2Hj)- A surprising 
feature of the experimental results is that the ratio of the 0^ production cross-section 
to that of A(1520) is found to be very high, in the range of 30 — 50% (however, the 
experimental consistency of a ratio this high was questioned in [2H|)- Theoretically, the 
production cross-section of a 5-quark state is expected to be roughly 0(1%) of that for 
a 3-quark state. ^ 

A further question concerns parity of the pentaquarks. While early quark model 

^The rigid rotator Skyrmion ll^l approach to non-exotic baryons is usually justified in the limit of 
large Nc, where Nc is the number of colors |14II15| . However, the rigid rotator approach to the exotic 
baryons cannot be justified by large Nc reasoning ^1 El El El 120]' A study of kaon resonances 
near a Skyrmion, which is a better approach to the exotics for large iVc, shows that a state with the 
quantum numbers of 0"*" does not appear for conventional values of model parameters |19j . However, 
such a state can be made to appear by large changes in the parameters. 

^We thank G. Farrar for pointing this out to us. 
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approaches predict negative parity (see, for example, j^Hl IHOl IHH Ell), later 
pointed out that wave functions with positive parity are energetically preferred for 
certain model interactions [33]. Soliton and diquark models predict positive parity, 
while some recent lattice studies instead suggest negative parity jSU EH] • 

The unexpectedly small width of the pentaquark resonances is also a puzzle. Mea- 
surements of the width have been largely limited by the experimental resolution. Care- 
ful analysis of some experiments indicates a width as small as 1 MeV 1^ ISH} 1^ HQ] . 
This poses a challenge for all presently available theoretical models, although there are 
some ideas on why the width is considerably smaller than a typical (9(100) MeV width 
expected of a strongly interacting state this much above threshold [121 EH 1121 HSl HH 

Eg. 

Another important question concerns pentaquarks with 7=1 and 1 = 2. On 
general grounds, if the isosinglet sudud pentaquark has been found, then one suspects 
that the suduu and suuuu may be discovered as well, with somewhat higher masses. 
In chiral soliton models one indeed finds that the existence of the 7 = 1 and 7 = 2 
pentaquarks is tied to the existence of the 7 = one jlQ HZl CHI CH] • In the 5'[/(3) rigid 
rotator model the 7 = 1 and 7 = 2 exotics belong to the 27 and the 35, respectively. 
Their origin is more general, however: all that is needed to construct exotic states of 
higher isospin is an SU (2) collective coordinate jTHI whose existence can be argued on 
large grounds 18j. In the simplest diquark model, where all diquarks are assumed to 
be antisymmetric in color, spin and flavor, such states are absent [221 12S]- If? however, 
one also assumes the presence of quark pairs symmetric in flavor (pairs of quarks with 
such quantum numbers are present in decuplet baryons), then the 7 = 1 pentaquark 
states of J = 3/2 and J = 1/2 appear, just as in the chiral soliton models, and restore 
agreement with large Nc considerations. The 7 = 1 states are typically predicted to lie 
in the range 1600 — 1680 MeV [101 EH dl HH] and should be sufficiently narrow to be 
observable. The highest charge member of this multiplet, 0*++, should be observable 
through decay into pK^ . There is no evidence for such a resonance in available pK^ 
scattering data |SZII1H1; recent photoproduction experiments also did not find evidence 
for this state jHHHIlS]. In this paper we propose further searches for 0*++. 

Beyond the pentaquarks made of the light fiavors, it is important to search for 
heavy fiavored pentaquarks, such as the Q^^{cudud). A natural description of such 
objects in chiral sohton models is provided by the bound state approach (SU] where 
they are described by bound states or resonances of fiavored mesons and solitons. In 
this approach the exotic baryons are distinguished from the conventional ones by the 
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Wess-Zumino term, which attracts D mesons, but repels D mesons. Heavy quark 
symmetry was incorporated into the bound state approach in [ST]. As the mass of the 
meson increases, so does the tendency to bind, and the 9° is typically predicted to lie 
below the DN threshold [^2] (see also [221 EH HH] ) • The bottom flavored pentaquark, 
Q'^{budud), is even more likely to be bound. ^ In the quark model approaches of 
[2S1 122] the heavy flavored pentaquarks are also predicted to be bound (in [22] the 
0^ is estimated to lie ~ 100 MeV below the DN threshold, in rough agreement with 
bound state approach estimates [22] )• 

If the 0^ lies below the threshold, then it has only weak decay modes, such as 
G° pK^TT". If, however, it lies above the threshold, as predicted by other models 
[221 EE] 5 then it should appear as a narrow D^p resonance. One should keep in mind 
that some earlier charmed pentaquark searches, such as the Fermilab E791 searches for 
csuud through its weak decays into (pn'p or K*^K~p, were not successful 

Clearly, further experimental input on pentaquarks is crucial at this point. It is 
important to find pentaquark production mechanisms that give clean and unambiguous 
signatures. One possibility first suggested by Rosner [2H1 is to search for pentaquarks 
by using baryonic B decays."^ Although B decays into a baryon and antibaryon typ- 
ically have branching ratios < 10~^, the large numbers of events accumulated at the 
-B-factories offer excellent opportunities for pentaquark detection that are distinct from 
photoproduction or kaon scattering that have been used so far. In this paper we make 
further suggestions along the lines of |58j, and also propose other production mech- 
anisms involving decays of heavy flavored baryons. Since the experimental detection 
of charged particles is typically easier than that of neutral particles, we will focus on 
signatures that do not require the detection of an anti-neutron (or neutron) and that 
lead to final states with charged particles only. 



2 Pentaquarks in B decays 

One of the suggestions in [2H] is that 0^(1540) may be observable through the decay 
sequences 

^ 0+p ^ ppK"^ (2.1) 

5° ^ Q-p ppK^ (2.2) 

^However, the effective lagrangian for heavy mesons near a Skyrmion is not known precisely; 
appreciable changes of parameters can make heavy flavored pentaquarks unbound. 
''For other recent pentaquark search proposals see, for example, [591 1601 1^ . 
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In practice one observes Ks instead of K^. The existence of the 0"^ and its antiparticle 
may be confirmed either by examining both the pKs and pKg invariant mass combina- 
tions or by using flavor-tagging. The 6"*" pentaquark can also appear in a weak decay 
of the meson 5°, which consists of hs quarks. If the h quark decays weakly into duu 
then we may flnd 

5° ^ e+p ^ ppK"^ . (2.3) 
Similarly, one can search for the / = 1, Is = 1 pentaquark 0*+"'" in the decay 

B+ Q*++p ppK+ (2.4) 

by examining the pK~^ invariant mass. Another possibility is 

^0 ^ Q*++pn- ppK+TT- (2.5) 

where again we should examine the pK^ invariant mass. On the other hand, examina- 
tion of the pK~^ invariant mass should reveal a peak corresponding to the antiparticle 
of A(1520), which provides a useful normalization. The first of these modes seems 
most promising as far as statistics are concerned. For example. Belle finds 96.4]'^|q;5 
ppK+ /78 fb-^ versus ll.St^^ ppKs/7S ih-^^. Belle also finds 14.5lto ppK*+ /78 
fb~^ where K*~^ — > -ft'svr+jn^]- However, searches for peaks in the pK spectra are not 
reported in [HI] • The final state ppKsn^ is one suggested by Rosner. This final state 
is fiavor-specific (allowing one to distinguish pKs and pKs)] however, the signal to 
background is marginal. 

To produce the / = charmed pentaquark 0° in a -B-decay, there are modes 
involving the dominant weak process b cud |58j : 

B+ 0°A+ , (2.6) 

^ 0°p7r+ . (2.7) 

If the 0c is below the DN threshold, then it will decay weakly into pK^T[~ . Otherwise, 
it will decay strongly into D^n or D^p. Since CLEO reported a large signal for 
D*~ppTi^ (32.3 ± 6.0 events/9.1 fb^^) [6S], we should expect a large signal for 
D~pp7T^ as well. This mode can be used to search for D~p resonances. 

Just like the 0+, the charmed pentaquark may have counterparts with 1 = 1 and 
1 = 2. The antiparticle of a member of the 1=1 multiplet, Q*'^{cuuud), may be 
produced through 

5° ^ Q*-p D^Pp (2.8) 
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Table 1: Pentaquark signatures in B meson decay 
Pentaquark Mode Experimental Signature 

M{pKs) 
M{pKs) 
M{pK+) 
M{pK+) 
M{D-p) 
M{D^p) 

Table 2: Pentaquark signatures in charmed baryon decay 
Pentaquark Mode Experimental Signature 

M{pKs) 
M{pK+) 

M{E-TT-) 

M{i:-K-) 

M{E-TT + TT + ) 

where we assumed that it lies above the DN threshold. This decay mode has been 
observed (Belle finds ~ 92 ± 11.5 D°pp/29 fb-^ and ~ 19 ± 5 D*°pp/29 fh'^)^, and 
now the spectrum of invariant mass of pD'^ needs to be analyzed. 
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Table 3: Pentaquark signatures in i?° and decay 

Pentaquark Mode Experimental Signature 

e+(1540) 5° ^ ppKs M{pKs) 

9°, 5° ^ D-ppn+ M{D-p) 

9° Afc ^ D-pD^ M{D~p) 

9°, A, ^ D-pD^ M{D-p) 

9- Afe ^ D^^-D+ M{DoE-) 
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One may also try to observe pentaquarks containing a c quark and an s-quark. It 
is natural to suppose that the lightest such states are the Q%{csudu) and Q~g{csddu) , 
which form an / = 1/2 doublet [^21 ES]- They could be produced, for example, in 
decays of -B°(6s): 

5° ^ elpn^ , (2.9) 

5° ^ 0,- A+ . (2.10) 

In the Skyrme model, such states could emerge as bound states or resonances of 
near a Skyrmion. If these states are above the D^N threshold of ~ 2910 MeV, then 
they could be detected through strong decays, such as 9°^ D~p, 0°^ and 
B~ D^H^ . Otherwise only their weak decays are allowed (however, earlier searches 
for such states through weak decays have not been successful [57 ). 



3 Pentaquarks in baryon decays 

Another promising way of producing pentaquarks is through weak decays of heavy 
flavored baryons. Consider, for example, Cabibbo suppressed decays of the Iv^^cud). 
If instead of the dominant mode c — > sud we consider Cabibbo suppressed modes that 
proceed through c — > sms, then we find the following possible decay modes where only 
one additional qq pair is produced: 

A+ ^ 0+;?° ^ , (3.1) 

A+ ^ 0*++;^" ^ pK+K- . (3.2) 

Belle published a signal for Ac pK^K^ with 676 ± 89 events/78 fb~^|6^. No signal 
was shown for Ac — >■ pKsKs- Rough scaling leads one to expect C(90 — 100) pKsKs 
events/78 fb~^. The signal to background should be excellent. 

Another good opportunity is provided by decays of S+(csm) and S°(cs(i). Using 
the dominant mode c — > sud, we may have 

SO ^ S3/-7r+7r+ ^ S-7r-7r+7r+ . (3.3) 

This is a large mode, and a sample of events S^7r^7r+7r+ was already obtained 

by Belle for the study of excited H*. This, or another possible mode 



~^ '='3/2" 



TT TT 



T.-K-'K+TT+ , (3.4) 
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provide good opportunities to confirm the discovery [23] of tfie 53^2(1860). 

It is interesting tliat tlie same events could be used to searcli for another manifestly 
exotic member of the I = 3/2 quartet, Ey2{ssuud), which is a state not yet observed 
by NA49 [22] ■ Indeed, the following decay sequence is available: 

S° -> Sg+^TT- ^ S-7r-7r+7r+ , (3.5) 

and H^^2 could appear as a peak in the distribution of the invariant mass of S^7r+7r+. 
Another possible decay sequence is 

S° ^ S+z^TT- ^ ^^K\- , (3.6) 

but it is not reported as "seen" by the PDG Perhaps it is also possible to observe 

S° ^ S+27r- ^ S°7r+7r- ^ AttV+tt- , (3.7) 

where the decays weakly into Att^. 

Charm pentaquarks, such as the 0° may be produced in weak decays of the Ab{bud). 
Using a Cabibbo suppressed mode b cdc, we may find 

Ab ^ e°D° (3.8) 



or 



Ab e*-D+ (3.9) 

where Q*~{cuddd) is the / = 1, Is = — 1 state. Using instead the dominant mode 
h CSC, we may find, e.g., 

A;, ^ e°,D° (3.10) 

or 

A, ^ e-D+ . (3.11) 

4 Pentaquarks in quarkonium decays or in e^e~ con- 
tinuum production 



As suggested in ^H|, another possible way of observing the 0"*" is through the inclusive 
reaction 

J/^^0+ + X. (4.1) 
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However, there is httle phase space avilable since m{J/il)) ^ 3097 MeV, while the 
minimum mass of X is rriN + itlk ~ 1435 MeV. It may be better to study instead 
excited charmonium states, such as the ip{2S) whose mass is 3686 MeV. Millions of its 
decays have been observed at BES. The typical branching fraction for a 'ip{2S) decay 
to a baryon-antibaryon pair is (9(10~^) [HE], thus perhaps it is possible to observe the 
decay 

^{2S) ^Q^ + X ^pK^ + X . (4.2) 

Similar events could be expected in the decay of bb mesons, such as the T(15') 
(millions of its decays have been recorded by CLEO [EZl)- It is heavy enough that it 
can decay into charmed pentaquarks. For example, one could carry out an inclusive 
search for events of the type 

T(lS)^0° + X^j9D-+X . (4.3) 

Even if the G° is slightly below the DN threshold, there could be some indication for 
it from a pD~ spectrum rising toward the threshold. Otherwise, the decay sequence is 

T(1S) ^ e° + X ^pir°7r- +X . (4.4) 

Finally we mention perhaps the most obvious way of producing pentaquarks: through 
e~^e~ qq with subsequent production of four light quark-antiquark pairs during frag- 
mentation (this was briefly discussed in [HB]). While this method is possible off any 
resonance, a particularly convenient data set involves the vast number of e~^e^ —>■ qq 
events accumulated by the 5-factories at the T{4S) resonance. This method seems 
particularly well-suited for production of pentaquarks containing a c quark, such as in 
the inclusive reactions 

e+e- ^ e° + X ^pD" +X , (4.5) 
if the G° is above the DN threshold, or 

e+e" ^ 0° + X ^ pK\- + X , (4.6) 

if the 0° is below the DN threshold. In these cases, due to the hard fragmentation of 
the charm quark, one can apply a tight momentum requirement, e.g. p*p > 2.5 GeV, 
(where p*p is the momentum of the pentaquark candidate in the center of mass frame), 
to reduce backgrounds in the search. 
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5 Conclusion 



There is strong motivation to search for the pentaquarks in decays of heavy hadrons 
or in e~^e~ colhsions, as suggested in [HHl EH] and in this paper. Possible signatures are 
given in Tables 1, 2, and 3. Besides confirming the existence of the pentaquarks, these 
methods promise a precise determination of their widths and quantum numbers (spin 
and parity). Based on experience so far, their widths are expected to be narrow, much 
less than the 100 MeV width that one might naively expect for a strongly decaying 
resonance. Some heavy flavored pentaquarks may even have weak lifetimes. 

One uncertainty for all searches is the lack of a good understanding of the pen- 
taquark production cross-sections. Cross-sections for known non-exotic resonances, 
such as the A(1520), should be measured first for calibration. One then expects pen- 
taquark cross-sections to be at least of order a percent of that. 



Acknowledgments 

We are grateful to G. Farrar, P. Ouyang and E. Witten for useful discussions. This 
material is based upon work supported by the National Science Foundation Grants No. 
PHY-0243680 and PHY-0140311. We acknowledge support from the U.S. Department 
of Energy under grants DE-FG03-94ER40833, DE-FG02-96ER41005. Any opinions, 
findings, and conclusions or recommendations expressed in this material are those of 
the authors and do not necessarily reflect the views of the National Science Foundation. 



References 

[1] T. Nakano et al. [LEPS Collaboration], "Evidence for a narrow S = +1 baryon 
resonance in photoproduction from the neutron," Phys. Rev. Lett. 91, 012002 
(2003) arXiv:hep-ex/0301020|. 

[2] V. V. Barmin et al. [DIANA Collaboration], "Observation of a baryon resonance 
with positive strangeness in collisions with Xe nuclei," 
|arXiv:hep-ex /0304040'. 

[3] S. Stepanyan et al. [CLAS Collaboration], "Observation of an exotic S' = +1 
baryon in exclusive photoproduction from the deuteron," arXi v : hep-ex/ 03 70 1 8] 



10 



[4] J. Barth et al. [SAPHIR Collaboration], "Observation of the positive-strangeness 
pentaquark 6+ in photoproduction with the SAPHIR detector at ELSA," 
|arXiv:hep-ex/0307083l 

[5] A. E. Asratyan, A. G. Dolgolenko and M. A. Kubantsev, "Evidence for 
formation of a narrow K^p resonance with mass near 1533-MeV in neutrino 
interactions," arXiv:hep-ex/0309042| 

[6] V. Kubarovsky et al. [CLAS Collaboration], "Observation of an exotic baryon 
with 5* = +1 in photoproduction from the proton," [arXiv: hep-ex /03 1 1 046, 

[7] [HERMES Collaboration], "Evidence for a narrow jS"] = 1 baryon state at a mass 



of 1528-MeV in quasi-real photoproduction," arXiv : hep-ex/ 03 1 2 044 



[8] A. Aleev et al. [SVD Collaboration], "Observation of narrow baryon resonance 
decaying into p KO(S) in p A interactions at 70-GeV/c with SVD-2 setup," 
|arXiv : hep-ex /040 1024[ 

[9] A. V. Manohar, "Equivalence Of The Chiral Soliton And Quark Models In Large 
N," Nucl. Phys. B 248, 19 (1984). 

[10] M. Chemtob, "Skyrme Model Of Baryon Octet And Decuplet," Nucl. Phys. B 
256, 600 (1985). 

[11] M. Praszalowicz, "5'f/(3) Skyrmion," TPJU-5-87 Talk presented at the Cracow 
Workshop on Skyrmions and Anomalies, Mogilany, Poland, Feb 20-24, 1987. 

[12] D. Diakonov, V. Petrov and M. V. Polyakov, "Exotic anti-decuplet of baryons: 
Prediction from chiral solitons," Z. Phys. A 359, 305 (1997) 
| arXiv:hep-ph/9703373| . 

[13] T. H. Skyrme, "A Nonlinear Field Theory," Proc. Roy. Soc. Lond. A 260, 127 

(1961) ; "A Unified Field Theory Of Mesons And Baryons," Nucl. Phys. 31, 556 

(1962) . 

[14] E. Witten, "Global Aspects Of Current Algebra," Nucl. Phys. B 223, 422 
(1983); "Current Algebra, Baryons, And Quark Confinement," Nucl. Phys. B 
223, 433 (1983). 



11 



[15] G. S. Adkins, C. R. Nappi and E. Witten, "Static Properties Of Nucleons In The 
Skyrme Model," Nucl. Phys. B 228, 552 (1983). 

[16] D. B. Kaplan and I. R. Klebanov, "The Role Of A Massive Strange Quark In 
The Large N Skyrme Model," Nucl. Phys. B 335, 45 (1990). 

[17] I. R. Klebanov, "Strangeness In The Skyrme Model," PUPT-1158, 

: / / curie.princeton.edu/klebanov/strangeness_paper.pdf, Lectures given at 
NATO ASI on Hadron and Hadronic Matter, Cargese, France, Aug 8-18, 1989 

[18] T. D. Cohen, "Chiral soliton models, large N^. consistency and the 6^ exotic 
baryon," |arXiv:hep-ph/0309111t T. D. Cohen and R. F. Lebed, "Partners of the 
0+ in large QCD," arX iv:hep-p h/0309150'| 

[19] N. Itzhaki, I. R. Klebanov, P. Ouyang and L. Rastelh, "Is the 9(1540)+ a kaon 
Skyrmion resonance ?," arXiv:hep-ph/0309 305l 

[20] T. D. Cohen, "The 0+ baryon in soliton models: Large N^. QCD and the validity 
of rigid-rotor quantization," |arXiv:hep-ph/0312191| 

[21] M. Karliner and H. J. Lipkin, "The constituent quark model revisited: Quark 
masses, new predictions for hadron masses and K N pentaquark," 
|^rXiv:hep-ph/0307243, Phys. Lett. B 575, 249 (2003). 

[22] R. L. Jaffe and F. Wilczek, "Diquarks and exotic spectroscopy," 
|arXiv:hep-ph/030734"I| 

[23] R. Jaffe and F. Wilczek, "Systematics of Exotic Cascade Decays," 
rarXiv:hep-ph/0312369, 

[24] H. Weigel, "Radial excitations of low-lying baryons and the penta-quark," 
Eur. Phys. J. A 2, 391 (1998) ' arXiv:hep-ph/9804260 . 

[25] C. Alt et al. [NA49 Collaboration], "Observation of an exotic S* = -2, Q = -2 
baryon resonance in proton proton collisions at the CERN SPS," 
|arXiv:hep-ex /0310014[ 

[26] D. Diakonov and V. Petrov, "Where are the missing members of the baryon 
antidecuplet?," tarXiv:hep-ph/0310212l 



12 



A. R. Dzierba, D. Krop, M. Swat, S. Teige and A. P. Szczepaniak, "The evidence 
for a pentaquark signal and kinematic reflections," |arXiv:hep-ph/0311125 



H. G. Fischer and S. Wenig, "Are there S = —2 Pentaquarks?," 
,arXiv:hep-ex/0401014, 

R. L. JaflFe, "Baryon Excitations In The Bag Model," SLAC-PUB-1774, Talk 
presented at the Topical Conf. on Baryon Resonances, Oxford, Eng., Jul 5-9, 
1976. 

D. Strottman, "Multi - Quark Baryons And The Mit Bag Model," Phys. Rev. D 
20, 748 (1979). 

C. Gignoux, B. Silvestre-Brac and J. M. Richard, "Possibility Of Stable Multi - 
Quark Baryons," Phys. Lett. B 193, 323 (1987). 

H. J. Lipkin, "New Possibilities For Exotic Hadrons: Anticharmed Strange 
Baryons," Phys. Lett. B 195, 484 (1987). 

F. Stancu, "Positive parity pentaquarks in a Goldstone boson exchange model," 
Phys. Rev. D 58, 111501 (1998) |arXiv:hep-ph /9803442 ; F. Stancu and 

D. O. Riska, "Stable u u d d anti-s pentaquarks in the constituent quark model," 
Phys. Lett. B 575, 242 (2003) |arXiv:hep-ph/0307010] . 

F. Csikor, Z. Fodor, S. D. Katz and T. G. Kovacs, "Pentaquark hadrons from 



lattice QCD," arXiv:hep-lat/0309090. 



S. Sasaki, "Lattice study of exotic S = +1 baryon," |arXiv:hep-lat/0310014 



S. Nussinov, "Some comments on the putative 9"*" (1543) exotic state," 



|arXiv:hep-ph/0307357 



R. A. Arndt, L L Strakovsky and R. L. Workman, "iiT"*" nucleon scattering and 
exotic 5* = +1 baryons," | arXiv:nucl-th/ 0308012l 

A. Casher and S. Nussinov, "The Narrow G(1543)-A QCD Dilemma: Tube or 
Not Tube?," ,arXiv:hep-ph/0309208. 

J. Haidenbauer and G. Krein, "Influence of a Z"'"(1540) resonance on K^N 
scattering," iarXiv:hep-ph/0309243[ 



13 



R. N. Cahn and G. H. Trilling, "Experimental limits on the width of the 



reported 6(1540)+," |arXiv:hep-ph/0311245 



M. Praszalowicz, "The width of 0+ for large Nc in the chiral quark soliton 
model," arXiv:hep-ph/0311230, 

D. P. Roy, "History of exotic meson (4-quark) and baryon (5-quark) states," 
|arXiv:hep -ph/0 31 12071 

C. E. Carlson, C. D. Carone, H. J. Kwee and V. Nazaryan, "A naturally narrow 



positive parity 9+," [arXiv : hep-ph /0312325 



M. Karliner and H. J. Lipkin, "The narrow width of the 0+ - a possible 
explanation," ^arXiv: hep-ph /040 10 72 . 



F. Buccella and P. Sorba, "Narrow width pentaquarks," arXiv:hep-ph/0401083 



H. Walliser and V. B. Kopeliovich, "Exotic baryon states in topological soliton 
models," [arXiv:hep-ph /0304058 , 

D. Borisyuk, M. Faber and A. Kobushkin, "New family of exotic Theta 



baryons," |arXiv:hep-ph/0307370 



B. K. Jennings and K. Maltman, "Z* resonances: Phenomenology and models," 
|MOGv:hep-ph/0308286, 

H. G. Juengst [the CLAS GoUaboration] , "Search for a 6"'""'" pentaquark state," 
|arXiv:nu cl-ex/0 312019[ 

G. G. Gallan and I. R. Klebanov, "Bound State Approach To Strangeness In The 
Skyrme Model," Nucl. Phys. B 262, 365 (1985); G. G. Gallan, K. Hornbostel and 

I. R. Klebanov, "Baryon Masses In The Bound State Approach To Strangeness 
In The Skyrme Model," Phys. Lett. B 202, 269 (1988). 

E. Jenkins, A. V. Manohar and M. B. Wise, "Baryons Gontaining A Heavy 
Quark As Solitons," Nucl. Phys. B 396, 27 (1993) |arXiv:hep-ph/9205243|. 

Y. Oh, B. Y. Park and D. P. Min, "Heavy Quark Symmetry And The Skyrme 
Model," Phys. Rev. D 50, 3350 (1994) arXiv:hep-ph /9407214| ; Y. Oh, 
B. Y. Park and D. P. Min, "Pentaquark exotic baryons in the Skyrme model," 
Phys. Lett. B 331, 362 (1994) |arXiv:hep-ph/9405297| . 



14 



[53] D. O. Riska and N. N. Scoccola, "Anti-charm and anti-bottom hyperons," Phys. 
Lett. B 299, 338 (1993). 

[54] M. Rho, D. O. Riska and N. N. Scoccola, "The Energy Levels Of The Heavy 
Flavor Baryons In The Topological Soliton Model," Z. Phys. A 341, 343 (1992). 

[55] M. Karliner and H. J. Lipkin, "The anticharmed exotic baryon Gc and its 



relatives," |arXiv:hep -ph/0 307343| 



[56] K. Cheung, "Pentaquark 0+, constituent quark structures, and prediction of 



charmed G° and bottomed O^," [arXiv : hep-ph /0308176 



[57] E. M. Aitala et al. [E791 Collaboration], "Search for the pentaquark via the 
P{csf (pnp decay," Phys. Rev. Lett. 81, 44 (1998) arXiv:hep-ex/9709013|; 
"Search for the pentaquark via the P°(cs) K*^K~p decay," Phys. Lett. B 
448, 303 (1999). 

[58] J. L. Rosner, "Exotic states of matter in heavy meson decays," 
arXiv:hep-ph/0312269, 

[59] J. Randrup, "Production of the exotic G baryon in relativistic nuclear 
colhsions," Phys. Rev. C 68, 031903 (2003) |arXi v:nucl-th/03070 42|. 

[60] M. Bleicher, F. M. Liu, J. Aichelin, T. Pierog and K. Werner, "Production of the 
G"'"(1540) Pentaquark State in Proton-Proton Interactions," 
|arXiv :hep-ph/0401049 

[61] M. Diehl, B. Pire and L. Szymanowski, "Probing the partonic structure of 



pentaquarks in hard electroproduction," |arXiv:hep-ph/0312125 



[62] M. Z. Wang et al. (Belle Collaboration) , |arXiv:hep-ex/03100l"8 



[63] K. Abe et al. (Belle Collaboration), |arXiv:hep-ex/ 0205083, Phys. Rev. Lett. 89, 
151802 (2002). 



[64] K. Abe et al. (Belle Collaboration), |arXiv:hep-ex/011103"2l Phys. Lett. B 524, 33 
(2002). 

[65] S. Anderson et al. [CLEG Collaboration], "First observation of the decays 
50 _^ D*~ppTx+ and 5° D*-pn," Phys. Rev. Lett. 86, 2732 (2001) 
[arXiv:hep-ex/0009011 . 



15 



[66] K. Hagiwara et al., "The Review of Particle Physics," Phys. Rev. D 66, 010001 
(2002). 

[67] S. A. Dytman [CLEO Collaboration], "Evidence for two-body hadronic decays of 
the T(l^)," ,arXiv:hep-ex/0307035, 

[68] S. Armstrong, B. Mellado and S. L. Wu, "Prospects for pentaquark searches in 
e+e~ annihilations and 77 collisions," arXiv:hep-ph/0312344j 



16 



